We give an algorithm for reconstructing a density function f in the plane from limited number of Radon projections on a range of angles − * < < * together with a few well selected angles outside this range. In doing so, we assume that f is subjected to a linear transformation that produces g, and actually recover g.
Introduction
In [9] , we addressed the important problem of Tomography with Unknown Orientation. In this paper, we consider the problem of two-dimensional parallel beam Tomography with limited data. Limited data problem in tomography arises in different forms and for different reasons. It can be caused by missing data over a certain angle interval, for example in C-arm CT or dental CT, which make an inverse Radon transform a nontraditional tomography.
Literature has plenty different approaches of solving the problem, for example [1] - [7] . An important approach is the theory of using different orthogonal moments, as in [4, 5, 6, 7] . Of these for example, [6] extended Wang's method [5] using the orthogonal Legendre moments to improve the quality of the reconstructed image.
Another approach of Reconstruction of image from limited range projections using squashing was presented in [1] . Indeed, our work is related to this particular approach.
We develop an algorithm for reconstructing the density function f in the plane from limited number of Radon projections on a range of angles − * < < * together with a few well selected angles outside this range. In doing so, we assume that f is subjected to a linear In the remaining part of this introduction we introduce notation and a basic formula. Following ) is a unit vector; the Radon Transform of f along the line = { ( , ): cos + sin = } is given by:
We may use the vector form ∨ ( , ) = ∨ ( , ) In this paper, we consider the problem of construction assuming that projections are known on a range of angles − * < < * for some acute angel *
Problem Formulation

Proposed Approach
We organize this section in three parts:
A. We show an approach of employing interpolation to recover unknown projections from a known set of projections.
B.
We review the theory of Radon Transform of linear transformation.
C.
We describe the mathematical bases of our reconstruction approach.
3A. Local Interpolation
Let be nonnegative function on the xy-plane that vanishes outside the unit disk. Assume that we
have N projections ∨ ( , ), = 1, … so that { } is a fine sample− * < < * , with fine uniformly spaced values of the argument p given at 1 < 2 < ⋯ < . For example, say the range −50°50°. Our goal is to approximate ∨ ( , ) for any angle and value p with − * < < * ; −1 < < 1.We can accomplish this using two dimensional interpolation. We build this approach on the following fact that was proved in [8] .
Theorem 1
Suppose ∈ ( )and that f vanishes outside the unit disk. We consider the sonogram on a rectangular grid, as in Figure 1a , on which the x axis represent the angles − * < < * , and the y-axis represent the values , , … . Let
be the interpolating function. Nearest neighbor interpolation, bilinear interpolation, spline interpolation or others can be used. However, in computing
only on the vertical strip of the sinogram defined by and + such that ≤ φ ≤ + . Our experiment section shows more details on implementation and reliability. 
3B. Using Linear Transformations
Let be nonnegative function on the xy-plane with a compact support. Let be a 2 2  nonsingular matrix and let
Then, as in our study in [10] ,we have 
So we have,
Clearly, both and are functions of .
We choose a transformation = [ 1 0 0 ] so that (6) maps the range of angles−θ * ≤ ≤ θ * to a prescribed range of angles− * < < * , that is visually explained in Figure 1b . As an example: when =5 then, this transformation (approximately) maps the range −50°< < 50° to the range −80°< < 80° as calculated in Table 3 of the next section.
3C. Proposed Algorithm
To recover f from a given set of projections, we actually want to recover g as in (3); with a choice of . Visibility and resolution of our reconstruction issues will be discussed shortly. We apply a standard reconstruction algorithm such as the Filtered Back projection method on ∨ ( , )
estimated on a full range of −89°< ≤ 90°incremented by 1°; as well as a fine sample of the argument −1 < < 1.In doing so, we require two types of input data:
A. projections of f are known on a range of angles − * < < *
B.
projections of f are known for those angles that are corresponding to angles through (5) where is an angel outside the range of −θ * ≤ ≤ θ *
We then consider the following algorithm of two steps:
Step1: As explained previously, assume that the ranges of angles −θ * ≤ ≤ θ * and − * ≤ ≤ * , are related through (6), then ∨ ( , )on −θ * ≤ ≤ θ * can be calculated by (6) [by actually interpolating ∨ ( , )on range of angles − * < < * .
Step 2: For angles outside the range of angles −θ * ≤ ≤ θ * we use (6) to obtain ∨ ( , )
In the next section, we analyze these steps and its limitation with a closer look at the different parameters involved, such as the choice of or sampling the arguments p.
Discussion and Examples
We now test these ideas and algorithms looking at the different parameters involved, such as the choice of , or sampling the argument p and others. First, we tested our interpolation approach on several types of images and we show two of these:
in figure 2a we consider the block image E for which we compute ∨ ( , ) and ∨ ( , ) as in (2) (6),when =5.
We see from this table that for the range −80°≤ ≤ 80° we need * ≅ 50°. For angles outside the range of angles −80 ≤ ≤ 80 we use (6) to obtain
where these angles are shown in table 3. In Figure 4c , we show the recovered g using our But when becomes large, we would face resolution and practical issues of reconstruction. 
Conclusion
In this article, we addressed the problem of recovering an image from limited number of its Radon Transform. Indeed, we proposed an algorithm for reconstructing the density function f with
Radon projections on a range of angles − * < < * together with a few well selected angles outside this range. In doing so, we assume that f is subjected to a linear transformation that 
